
-~'P Yt 1.V ;a
....... 7aT

21

- ,A

V V=1 d

4i
HEATRELASE I9EICS'F AMONIM PRCHLRAT *+[

4''a

PhA

of ~ ~ S the Nay nader Cotrc A. osr, Jr.0 , Andort H. Wi 2507e0

Present adre Stanfvo-vrdt Research Insotiute 8evreBec
Paka, vrt. Mscenlt 0ar 2149fo. i

3-

""'-

EMU MVE U~u A



March 9, 1967'

i%] i

HEAT-RELEASE KINETICS OF AMMONIUM PERCHLORATE
IN PRESENCE OF',CATALYSTS' AND FUEL *t

S. H. Inami, W. A. Rosser, Jr., * and H.. Wise
Stanford .Research Instituite

Menlo Park,. California

Reproduction of this report in whole or in part i permitted for aiy

purpose of the United States Government.
t This work was sponsored by the Office of Naval Research, Department A

of the Navy, under Contract Nonr-3415(00), Authority NR 092-507/10-
13-64.

* Present address, Avco-Everett Research Laboratory, 2385 Revere Beach
Parkway, Everett, Massachusetts 02149.



TALPo 6.' MkTS-~ ~

'A Inrdcih

x ~ ~ ~ ~ ~ AL -'-OFlRgbt anONTENTSio

Ref~ende . .. .. . . .. Page



LIST OF TABLES /

Table I Composition . . . ... . . ..of Mixtuires Used in-Adiabatic ,
Studies . . .

Table 2 Results of AdiabatitcStudies . . . . . . .. . . 8 '

"Ii

LIST OF LLUSTRATIO S

Figure 1 m The Adiabatic Rate of Decomposition ofa n fS tuies/4 .................... .. 9

Figure. 2, AdiabaticDecomposition Rate of AP-CTPB Pro- ;

-mA

pellant . . . ... . . . . . . . .... ... .80 110

-]Figure 3, Adiabatic Deo'mposition Rate of -AP. at l' and, 13.5 ' . ;
AtmosPhere'i (particlei sizse 61-88 ). ... i

-_-A

2lp_'

A";

&"



I ABiTRACT

The xate of heat release of -ammonium perchiorate-fuel or amn jnium

pejrchlorate-catalyst or both under adiabatic condition was studied as a
fucton6f temperature. Iii the presence of catalysts, the..autocatalytic

and',the adiabatic reaction-kinetics follow's Arrhenius~type behaVi.or.
'Studies made with animonium 'perchiorate-fuel, showthat measurable heat re-

lease occurs at temperatures below 'the, phase. transit-Ion temperature of

ammoniumi perchlorate and that 'the rafe' of,heat generation per~ mass of

:mdt~rial is .greaer than 'that of pure tammonitim perchiorate. The rate 'of

'ekothermid decompositon of ,pr-molr.perchiorate is unaffected by
ahi increase, in pressure. This'pbservationt suggestg, that 'the ,heat release,

is 'controlled by homogeneous or heterogeneous' reactions in the, condense

phase.
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'Introduction.

Measurements: of the decomposition. kinetics of amonium perchlorate

(,4P)- were- described in a previous, publii*ation.' in the measurement-

studies, the rate of heat release uhfdr adiabatic conditions was deter-"

mined as a function of, temperature and related , to the rate of reaction

and nucleation. These-determinations have now been extended to AP

samples,-containing cataiysts and fuel. Several measurements haye also -.

b'eefi',cariied out of the; kinetics of ex6tfiermic decomposit'ion of AP at

elevated pressures -to explore the effect of total gas pressuie on the

reaction.,"

Experimental Details,

As described in 'detail 5in Reference i., the apparatus used in, the

adiabatic, experiments employs a sample 'in the form of a, pressed -wafer,

(30mm In diameter, 4mm in thickness) prepaied -by pressing-about 5 grafi

of AP-additive mixture at - 25000 psi. By -'this prbcedure. .a hard, dur-

able wafer was produced with a porosity of about 4 to5 percent in the

case of pure AP. The samples containing added fuel were prepared by

cutting out a desired dimension of castedAP-carboxy-terminated poly-

butadiene (AP-CTPB) propellant. A small radial hole near the center of

the sample was drilled in each wafer to accommodate a glass sheathed

chromel-alumel thermocouple (3 mil wire). The wafer was then clamped

.between two electrically heated" plates that were held in position by '

spring-loaded bolts.' During the course of an experiment, the tempera- I
ture of the heating plates was continually adjusted to match within less

than 6.10C that of the interior of the sampl, i.e., adiabatic conditions.

The sample thermocouple emf was recorded on a strip-chart recorder, while

the emf difference between the block and sample thermocouples was displayed
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on -the indicating 'meter of: a microvolt amplifier and kept within the

Z"yprescrib e d limits bY manual control of the electric power fed to the

heating plates.

In a typical experiment, theblock assembly., composed of heating

plates, and sgample,_ was placed 'in a small furnace, heid 'at a 'temperature

'" 'I of about- 2506C. The simple was brought to, a tempeidture slightly- above

240°C' by supplying .eledtrical power to the heater plates. The power was

then reduced ,to establish within the assembly, a constant temperature in

the raige 24072500 C. 'Several minutes were generally requiied for this

process'. As th -ampie temirature began to rise ,above that of the

heating plates due to' exothermic decomposition electrical power was

supplied to the heater- plates at a rate sufficient to mai ntaf6 a uniform

tem erature throughout the sample. 'The sample temperature history was

recorded until the experiment was termihated due, to an excessiv6 rate

of temPbrature rise (mor e than 100 0 C/fiin). For the, high pressure studies,

a steel vessel was. einployed" that could be heated and pressurized to 200,'psi.

The, reagent grade crystalline AP was-ball milled and sieved-into ,four

fractions with a' particle diameter range: (a) ,le~s. than 43p, '('b), 4 3 -611.,

(c) ,61-38p, and (d) 88-l24p. The material. of ,a specified particl'e size.

rjnge was then mixed with the, desired amount of powdered additive, fuel,

or catalysts. or both in a mortar and pestle, and pressed into-a pellet;

The compositi6ns, Of the mixtures studied are summarized, in Table 1. The

-composition of the casted AP-CTPB propellant was 75wt% AP/25wt% binder.

The AP particle size spectrum for this sample was bimodal, ranging from

'2 to 200p. The particle size of the additives (Fe2O3 , Cr2 03 , and Norit A)

was estimated from microscopic examination.

Experimental Results ,and Discussions

Examination of the experimental data was based on the theoretical

analysis' of adiabatic reaction kinetics involving a first order reaction.

According to this analysis, the rate of temperature rise (dT/dt) can be

related to the effective activation energy E for the process: dT/dt
-E /RT

p e where the constant p is given by p = QNA/pc, and Q represents

3



{.4

1 
IN

the molar heat of reaction, N 'the molar density, A the preex~onentia1

,coefficient of, the Arrhenius rate equation, p the mass density, -and C -the -A-

specific heat ,at constant,' pressure. A typical ,6xamp~jet of..-the~experimental. -

data for the catalyzed, decomposition of- AP is shown in Figure 1,. The re-

suits for a geiies of additives are summarized in Table 2.,

Reproducible resultswere obtained with samples containing 2.9wt% C* ;A

,and'. 4.8wtl CC (Table 2); however, the data obtained were less reproducible,

than similar data for pure AP, because of (a) difficulty in establishing

isothermaiLstarting conditions, b),sample fracture during decomposition,

and (c) jonuniform distribution' of catalyst throughout the sample, In

the presence 6f 4.8it%- CriO 3 in the gample ignition occurred at ,ab6ut

2800C so that the adiabatic studies were restricted to a small tempera-

ture interval. .,

The addition of carbon caused fragmentatifi ,of the samples when the

rates of tdeierature, rind exceeded'30 deg/min. 'Similar but iess repro-

ducible results were obtained on substitutifbn of Cabot carbon for 'Norit A

carbon. Studies of the decomposition rates"'of three carbon- and catalyst-

containifig' mixturest (Norit A) were attempted: AP/C (97J/2j), AP/dCIC/

(95/2j/2-j). and AP/Cr 2 03 /C (95/2/2j). No definitive, data, were. obtainabie

for these ternary carbon-containihgimixtures sincb ignition occurred near

2600C, cbrresponding 'to a rate of temperature rise of 'only a.few degiees/min.

Hematite (Fe2 03 ). a well known burning riate pro'mter, was examined 44
as a catalyst for AP-decomposition. .The results obtained for a mixture

containing 4.8wt% FeAO3  extend to a rate of temperature of 100 deg/min.

It is apparent that ,catalytic additives, shch as metal oxides, alter the

course of decomposition of NH4CIO 4 and cause ignition or explosion of

the material. In the presence of sufficient concentration. of such addi.-

tives, the autocatalytic feature of the decomposition of pure NH4ClO 4

disappears. In such cases, the, rate of decomposition follows Arrhenius-

type behavior even at the lowest temperatures examined.

* Copper chromite.

t All values in weight percent.
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L I The experimentar heat-release rates, from the propellant mixture

|AP-CTPB,:bring -out the interesting fact thaf the activationgiiergy for

the propellant mixture is nearly the same as that previously obtained

- Jfor pure AP. ,We may therefore coiiclude.that the rate-controlling, proc-

ess' for decomposition 'is the- ame, in both ,cases, but the net amount of

heat released per mass of material decomposed is greater because,'f ihe

presence of added CTPB. Some of. the intermediaies or products resulting

from ,the deomposition of AP are interacting with the, dded organic fuel.

Appardntly, such a reaction with heat ,generation occurs already at temr-

bperatuibs elow theiransition temperature ,of AP (,24 0 °C) as demonstrated

-'-. by the- curve in Figue 2. Since; exothermic heat geneiation by homogeneous

or heterogeneous ,racti6n in the condensed phase takes place 'at signifi-

cantly, lower ,-eemjeratures thani in the case Of pure APj, the presence of

bi-der should enhance ignition and combustion of'such a propellant.

To determine the influence of total ga pressure on the decomposition

6f-A: the: adiabatic-measurements Were extended to elevated pressures. A§

.shown in 3Figure 3 the rate of exothermic decomposition of pure'AP is un-

affected by a more than--tenfold increase in pressure. Theabsence of a

k pressure, 6ffect suggests that, at least for pure AP, the heat releasd,

observed in our, experiments is controlled by reactions, in the lolid phase,.

Heterogeneous reactions at the gas/solid interface would be expected to

be influenced by pressure except in the case of high surface density of

adsorbate--i.e., a. condition in which the iate bf reaction on the surface

itself rather than the transport of reactait to the 'surface "is rate-

limiting. In the presence Of catalysts, a different reaction model may

prevail. As a matter of fact, the apparent correlatioh- between burning

rate of AP/catalyst propellants and catalytic activity for ammonia oxi-

dation strongly indicates the importance of heterogeneous reactions in

ignition and combustion,

The implications of these condensed-phase, exothermic reactions on

-:, -, propellant properties are currently under investigation. A measure of

-- their contribution can be seen from the data in Table 2, in which we have

. - - computed the heat flux generated by exothermic chemical reaction at a tern-

perature of 8000K, representative of the surface temperature of an AP

propellant during steady-state burning and ignition.
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bL" • Table 1. Composition of Mixtures Used in Adiabatic Studies

, Ammonium perchl orate Additive

Patcl ie) ag Type Percent by wt

< 43-61; 88-124 copper chromitet 2.9; 4.8

88-124 chromic oxide 2.5; 4.8

88-124 cupric oxide* 4.8

43-61; 88-124 ferric oxide 4.8

88-124 carbon (Norit A; 2.5

Cabot-Sterling VR)

88-124 carbon/copper 2.5/2.5
chromite

88-124 carbon/chromic 2.5/2.5
~oxide

From Matheson, Coleman, and Bell (reagent grade).
SFrom Harshaw Chemical Company.
From J. T. Baker Company.
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